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SHEET HANDLING APPARATUS 

CROSS-REFERENCE TO THE RELATED APPLICATION 
This application is based upon and claims a priority from the prior 
Japanese Patent Application No. 2003-118203 filed on April 23, 2003, the 
entire contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a paper sheet handling apparatus 
which can handle paper sheets such as bills and the like. Here, as paper 
sheets which are handled in the paper sheet handling apparatus according 
to the present invention, there will be conceivable bills. And the paper 
sheet handling apparatus can be applied to gaming machines such as 
Japanese Pachinko machines, slot machines or vending machines 
(abbreviated as "gaming machines and the like" hereinafter). 

2. Description of Related Art 

Conventionally, it is known a bill handling apparatus, installed in 
the gaming machines and the like, which are provided with a bill 
validating unit for validating whether bills inserted through a bill insertion 
slot is valid or not and a bill receiving unit (abbreviated as "stacker" 
hereinafter) for receiving bills fed by the bill validating unit after 
determined that bills are valid. 

In the above bill handling apparatus, the stacker can be easily 
detached from a main unit of the bill handling apparatus. And in a case 
that bills are fully stacked in the stacker, only the stacker is detached from 
the main unit and bills can be carried with the stacker. 

As the above bill handling apparatus, it is proposed a bill handling 
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apparatus in Japanese Unexamined Publication No. Hei 8-123991. In the 
bill handling apparatus, there are provided a bill validating unit for 
validating bills inserted from outside thereof, a main unit that a stacker 
receiving bills validated as normal by the bill validating unit can be 
attached thereto and detached therefrom, a bill feed unit for feeding bills 
from the bill validating unit to the stacker, a bill push-in unit for pushing 
and stacking bills in the stacker, a driving unit for driving the bill push-in 
unit and a lock and unlock device for locking or unlocking the stacker when 
the stacker is attached in the main unit. In the above bill handling 
apparatus, it is constructed so that the driving unit is installed in the main 
unit and the lock and unlock device is driven by driving force transmitted 
from the driving unit, thereby lock and unlock operation by the lock and 
unlock device is conducted. 

However, in the above mentioned bill handling apparatus having the 
lock and unlock device, a mechanism (for example, the cam mechanism) for 
pushing bills, which are fed from the bill feed unit, in the stacker is 
attached to the stacker. Due to this, the stacker becomes heavier and 
bigger, as a result, it is very inconvenient to carry the stacker. 

Further, conventionally, in order to surely carry bills fed from the bill 
validating unit into the stacker, it is necessary to add to the above bill feed 
unit a bill take-in mechanism which is constructed from a bill sending 
rollers or a slider and the like, and a drive source for driving the bill 
take-in mechanism. 

SUMMARY OF THE INVENTION 
The present invention is done taking the above situation into 
consideration, and the object of the present invention is to provide a sheet 
handling apparatus having a light sheet receiving unit with a small size 
which is detachably arranged in a main unit, thereby there is no need to 
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arrange a specific sheet take-in device such as sheet sending rollers, based 
on that a push device, which comprises a simple link mechanism surely 
pushing sheets fed from a sheet feed device in the sheet receiving unit, is 
arranged in the sheet receiving unit, and a drive device for driving the link 
mechanism is arranged in the main unit. 

In order to accomplish the above object, according to one aspect of 
the present invention, it is provided a sheet handling apparatus including- 

a main unit; 

a sheet validating device for determining whether a sheet received 
from outside is valid or not, the sheet validating device being provided in 
the main unit; 

a sheet receiving unit which is detachable from the main unit; 

a sheet feed device for feeding the sheet which is determined as valid 
by the sheet validating device to the sheet receiving unit; 

a plurality of stopper walls disposed in the sheet receiving unit; 

a sheet support plate slidably arranged in the sheet receiving unit, 
the sheet support plate having a sheet support plane which is urged toward 
at least one side of the stopper walls; 

a sheet push plate arranged at the other side of the stopper walls so 
as to face the sheet support plane, the sheet push plate moving the sheet 
fed to the sheet receiving unit through the sheet feed device, toward the 
sheet support plane while pushing the sheet; and 

a push device for rotating the sheet push plate downward while 
retaining a parallel relation between a sheet push plane of the sheet push 
plate and the sheet support plane of the sheet support plate, thereby the 
sheet push plate draws and separates the sheet fed to the sheet receiving 
unit from the sheet feed device and pushes the sheet to the sheet support 
plane of the sheet support plate. 

In the sheet handling apparatus, the sheet push plate is rotated 
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downward while retaining a parallel relation between a sheet push plane of 
the sheet push plate and the sheet support plane of the sheet support plate. 
Thereby, the sheet push plate draws and separates the sheet fed to the 
sheet receiving unit from the sheet feed device and pushes the sheet to the 
sheet support plane of the sheet support plate. 

As mentioned, in the sheet handling apparatus, the sheet push plate 
draws and separates the sheet from the sheet feed device and pushes the 
separated sheet to the sheet support plane while retaining a parallel 
relation between a sheet push plane of the sheet push plate and the sheet 
support plane of the sheet support plate. Thereby, there is no need to 
independently provide a mechanism for drawing and separating the sheet 
from the sheet feed device and a mechanism for parallel moving the sheet 
toward the sheet support plane of the sheet support plate. As a result, the 
sheet can be drawn and separated from the sheet feed device and can be 
surely moved to the sheet support plane of the sheet support plate, through 
the sheet push plate and the push device. 

Further, even if the sheet fed to the sheet receiving unit through the 
sheet feed device does not fall in the sheet receiving unit by natural fall 
thereof, based on that the sheet push plate is rotated downward while 
retaining a parallel relation between a sheet push plane of the sheet push 
plate and the sheet support plane of the sheet support plate, thereby the 
sheet push plate can give a downward force to the sheet and can stack the 
sheet in the sheet receiving unit after reforming the sheet in a plain state. 

As mentioned, in order to surely take the sheet fed from the sheet 
feed device into the sheet receiving unit, there is no need to provide a sheet 
take-in mechanism constructed from feed rollers and sliders and a drive 
source for driving the sheet take-in mechanism. Therefore, the sheet 
receiving unit can be simply constructed and cost thereof can be reduced. 

Here, the sheet handled by the above sheet handling apparatus may 
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be a bill, and further may be a card type paper sheet such as a gift 
certificate. And if the sheet is a bill or a gift certificate, the feeding 
direction may be corresponded to the length direction thereof. 

And according to another aspect of the present invention, it is 
provided a sheet handling apparatus including: 

a main unit; 

a sheet validating device for determining whether a sheet received 
from outside is valid or not, the sheet validating device being provided in 
the main unit; 

a sheet receiving unit which is detachable from the main unit; 

a sheet feed device having a feed path to the sheet receiving unit and 
a plurality of roller pairs arranged at both sides of the feed path, the sheet 
feed device feeding the sheet which is determined as valid by the sheet 
validating device to the sheet receiving unit through the roller pairs; 

a sheet support plate slidably arranged in the sheet receiving unit, 
the sheet support plate having a sheet support plane; and 

a sheet push plate arranged so as to face to the sheet support plane 
of the sheet support plate, the sheet push plate moving the sheet fed to the 
sheet receiving unit through the roller pairs in the sheet feed device, 
toward the sheet support plane while pushing the sheet; 

wherein when a rear end of the sheet fed to the sheet receiving unit 
is held by a roller pair positioned in a final stage among the roller pairs, 
the sheet push plate draws and separates the rear end of the sheet from 
the roller pair in the final stage and pushes the sheet to the sheet support 
plane of the sheet support plate. 

According to the above sheet handling apparatus, when a rear end of 
the sheet fed to the sheet receiving unit is held by a roller pair positioned 
in a final stage among the roller pairs, the sheet push plate draws and 
separates the rear end of the sheet from the roller pair in the final stage 
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and pushes the sheet to the sheet support plane of the sheet support plate. 
Thereby, the sheet push plate draws and separates the sheet fed to the 
sheet receiving unit from the sheet feed device and pushes the sheet to the 
sheet support plane of the sheet support plate. As mentioned, in the sheet 
handling apparatus, the sheet push plate draws and separates the sheet 
from the sheet feed device and pushes the separated sheet to the sheet 
support plane, thereby there is no need to independently provide a 
mechanism for drawing and separating the sheet from the sheet feed device 
and a mechanism for parallel move the sheet toward the sheet support 
plane of the sheet support plate. As a result, the sheet can be drawn and 
separated from the sheet feed device and can be surely moved to the sheet 
support plane of the sheet support plate, through the sheet push plate and 
the push device. 

As mentioned, in order to surely take the sheet fed from the sheet 
feed device into the sheet receiving unit, there is no need to provide a sheet 
take-in mechanism constructed from feed rollers and sliders and a drive 
source for driving the sheet take-in mechanism. Therefore, the sheet 
receiving unit can be simply constructed and cost thereof can be reduced. 

The above and further objects and novel features of the invention 
will more fully appear from the following detailed description when the 
same is read in connection with the accompanying drawings. It is to be 
expressly understood, however, that the drawings are for purpose of 
illustration only and not intended as a definition of the limits of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and 
constitute a part of this specification illustrate embodiments of the 
invention and, together with the description, serve to explain the objects, 
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advantages and principles of the invention. 

Fig. 1 is an outline view roughly showing a bill handling apparatus 
in the first embodiment according to the present invention, 

Fig. 2 is a longitudinal sectional view of the bill handling apparatus 
in the first embodiment according to the present invention, 

Fig. 3 is a top inner view of a stacker in the first embodiment 
according to the present invention, 

Fig. 4 is a perspective view partially showing the stacker in the first 
embodiment according to the present invention, 

Fig. 5 is an exploded perspective view of a bill push-in device in the 
first embodiment according to the present invention, 

Fig. 6 is a longitudinal sectional view partially showing the bill 
handling apparatus in the first embodiment according to the present 
invention, the view indicating a state changed from a state shown in Fig. 2, 

Fig. 7 is a partial view of Fig. 2, showing a state that a bill is 
received in a bill guide part, in the first embodiment according to the 
present invention, 

Fig. 8 is a partial view of Fig. 2, showing a state that a push-in plate 
moves to the left direction, in the first embodiment according to the present 
invention, 

Fig. 9 is a partial view of Fig. 2, showing a state that the push-in 
plate holds the bill in cooperation with a bill support plate, in the first 
embodiment according to the present invention, 

Fig. 10 is a top inner view of the stacker which retained in a state 
shown in Fig. 9, 

Fig. 11 is a partial view of Fig. 2, showing a state that a 
reciprocating rod moves to the most left position, in the first embodiment 
according to present invention, 

Fig. 12 is a view showing a state that bills are accumulated in a bill 
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piling part under a pressing state thereof, in the first embodiment 
according to the present invention, 

Fig. 13 is an explanatory view of the bill push-in device in the second 
embodiment according to the present invention, and 

Fig. 14 is an explanatory view of the bill push-in device in the third 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will be explained 
according to the drawings. Here, in the embodiments mentioned 
hereinafter, description will be done based on that paper sheets handled in 
a paper sheet handling apparatus of the present invention is bills. 

Further, although description will be done according to the embodiment in 
which the present invention is applied to the gaming machines and the like, 
the present invention is not limited to this case. For example, the present 
invention can be applied to vending machines and the like. 

Fig. 1 is an outline view roughly showing a bill handling apparatus 
in the first embodiment. In Fig. 1, a bill handling apparatus 100 is 
constructed from a bill validating unit 10 which operates as a bill 
validating device for validating whether bills received from outside thereof 
are valid or not, and a main unit 1 in which a bill receiving device 1 
(abbreviated as "stacker 1" hereinafter), which receives many bills in a pile, 
is arranged. The stacker 1 is made detachable in the main unit 2 of the 
bill handling apparatus 100. 

In Fig. 1, a handle 1A is fixed to the rear side of the stacker 1 formed 
in a box-like shape. The handle 1A is utilized when the stacker 1 is taken 
from the main unit 2 or when the stacker 1 is carried out. In the bill 
validating unit 10, a bill insertion slot 11 is formed at an entrance thereof. 
And under the bill insertion slot 11, an opening 20 for inserting the stacker 
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1 is formed in the main unit 2. 

Fig. 2 is a longitudinal sectional view of the bill handling apparatus 
in the first embodiment. With reference to Fig. 2, construction of the bill 
handling apparatus will be explained in detail. 

In Fig. 2, it is judged in the bill validating unit 10 whether bills 
inserted from the bill insertion slot 11 are valid or not and good or not. 
Here, in the bill validating unit 10, bill data detected by the detector (not 
shown) installed therein are read in and the control unit comprising CPU 
and memory arranged in the main unit 2 (not shown) executes validation of 
bills. That is to say, the CPU compares the data concerning with the true 
bills stored beforehand in the memory with the detected data concerning 
with the bills inserted therein, thereby it is judged whether the bills are 
true or not. Here, the bills judged as the true bills are fed to a bill guide 
part 4 in the stacker 1 through a bill feed unit 30 which becomes the bill 
feed device. 

In Fig. 2, the bill feed unit 30 is constructed from a plurality of 
rubber roller pairs, the rubber rollers in each rubber roller pair facing with 
each other at both sides of a bill feed path 31. Rotational centers of the 
rubber rollers 31A ~ 31E are fixed along the bill feed path 31. The rubber 
roller 31A, for example, is a drive wheel, and a belt BT is engaged around 
the rubber rollers 31A ~ 31E. Thereby, based on that the rubber roller 
31A is driven to rotate by a motor (not shown) and the like, rotational force 
is transmitted to the rubber rollers 3 IB ~ 3 IE from the belt BT and such 
rollers are rotated. 

The rubber rollers 32A ~ 32E are frictional rollers to which 
rotational force is transmitted by the rubber rollers 31A ~ 3 IE comprising 
roller pairs in cooperation with the rubber rollers 32A ~ 32E. These 
rubber rollers 32A ~ 32E are contacted to the rubber rollers 31A ~ 3 IE, 
respectively, with a comparatively weak force enough for feeding the bill. 



10 



When the bill, which is fed along the bill feed path 31 by the rollers 
31A ~31E and 32A ~ 32E, is received in the bill guide part 4, the bill feed 
unit 30 stops its feeding operation. 

In this case, there may be a case that the most rear end of the bill is 
slightly held between the a pair of rubber rollers 3 IE and 32E (the rubber 
roller pair existing at the final stage among the plural rubber roller pairs), 
such rubber roller pair being arranged at a position nearest to the bill 
guide part 4. Operation to surely feed the bill in the above situation into 
the stacker 1 will be described hereinafter. 

Next, construction of the stacker 1 will be explained according to Fig. 
3 which corresponds to a view indicated by X*X arrow line in Fig. 2. Here, 
Fig. 3 is a top inner view of the stacker 1. 

In Fig. 3, the stacker 1 is rectangularly enclosed by side walls 14A 
and 14B, a front wall 15A and a rear wall 15B. In the stacker 1, side 
plates 12A and 12B are formed so as to stand in parallel with the side walls 
14A, 14B, respectively. 

Further, a parallel crank mechanism 4P is supported in the side 
plates 12A, 12B. The parallel crank mechanism 4P supports a push-in 
plate 40. At the upper part of the push-in plate 40, it is formed a bent 
portion 40B which is bent in a shape similar to the Japanese character " < " 
or in a shape having a slightly curved arc. And a bill support plate 50 is 
positioned at an opposite side of a bill push plane 40A in the push-in plate 
40 by existing a pair of partition walls (stopper walls) 4A and 4B 
therebetween. Here, a pair of the partition walls 4A, 4B are fixed to the 
side plates 12A, 12B, respectively. 

Further, as shown in Figs. 2 and 3, a slide groove 91 (see Fig. 2. In 
Fig. 2, only the slide groove 91 in the side plate 12B is shown) is 
horizontally formed at substantially center position along the up and down 
directions in each of the side plates 12A, 12B. In each slide groove 91, a 
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slide projection 93 is slidably supported, the slide projection 93 being 
formed on each ear portion 92 extended from both sides of the bill support 
plate 50 at substantially center position along the up and down directions. 
Thereby, the bill support plate 50 is made slidable in the stacker 1 in 
cooperation with the slide grooves 91 and the slide projections 93. 

Between an opposite plane of the bill support plane 50A in the bill 
support plate 50 and the rear wall 15B, a compression coil spring 51 is 
arranged. The compression coil spring 51 gives a force so that the bill 
support plate 50 moves toward the partition walls 14A, 14B. The bill 
support plate 50 is retracted toward the rear wall 15B every the bill A 
pushed by the push-in plate 40 is piled on the bills already piled in the bill 
piling part 5. 

In the above constructed stacker 1, it is provided a space with a thin 
rectangular parallelepiped shape, the space temporarily receiving the bill A, 
as the bill guide part 4 between the push-in plate 40 and the partition 
walls 4A, 4B. And a space, which is formed as a small opening having a 
width slightly narrower than a width of the bill A between the partition 
walls 4A, 4B, becomes a bill passage opening 4C. Further, a space for 
pushing the bill A pushed out through the bill passage opening 4C by the 
push-in plate 40, between the partition walls 4A, 4B and the bill support 
plane 50A of the bill support plate 50, is divided as the bill piling part 5. 

Further, as shown in Fig. 2, the stacker 1 is covered by an upper wall 
13A and it is formed in the upper wall 13A an opening 131 through which 
the bill A fed to the bill guide part 4 from the bill feed unit 30 passes. 
Further, a lower wall 13B of the stacker 1 is constructed as a door member 
which is made openable by using a hinge 132 as the rotational center. 

Next, construction of the parallel crank mechanism 4P arranged in 
the stacker 1 will be explained with reference to Fig. 4. Fig. 4 is a 
perspective view partially showing the stacker 1. 
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As shown in Fig. 4, a shaft support plate 411 is fixed to the rear 
upper portion of the push-in plate 40. Similarly, a shaft support plate 412 
is fixed to the rear lower portion of the push-in plate 40. Further, at the 
rear plane of the push-in plate 40, a press force receiving plate 43 is fixed 
so as to protrude toward the front wall 15A (see Fig. 3). In the press force 
receiving plate, a contact plane 43A forms a parallel plane with the push-in 
plate 40. 

In the shaft support plate 411, the first end 41A of the first swing 
arm 41, which becomes the first link, is rotatably connected through the 
first shaft 421. Similarly, in the shaft support plate 412, the first end 42A 
of the second swing arm 42, which becomes the second link, is rotatably 
connected through the second shaft 422. 

Further, the second end 41B opposite to the first end 41A in the first 
swing arm 41 is rotatably connected to the first fixed shaft 423. Similarly, 
the second end 42B opposite to the first end 42A in the second swing arm 
42 is rotatably connected to the second fixed shaft 424. The second end 
41B of the first swing arm 41 and the second end 42B of the second swing 
arm 42 are rotatably supported to the side plates 12A, 12B through the 
first fixed shaft 423 and the second fixed shaft 424, respectively. 

In Fig. 4, a torsion coil spring 44 is put on around the first fixed 
shaft 423. Here, the coil portion of the torsion coil spring 44 is put on 
around the first fixed shaft 423, the arm at one end of the torsion coil 
spring 44 is engaged to the side plane of the first swing arm 41, and the 
arm at the other end of the torsion coil spring 44 is engaged to the side 
plate 12B. 

This torsion coil spring 44 has a function to exert torsion moment 
(torque) to the first swing arm 41 so that the push-in plate 40 approaches 
toward the front plate 15A (see Fig. 3). As mentioned, the stacker 1 can 
be made light and simply constructed by utilizing a simple member such as 
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the torsion coil spring 44. More concretely, the torsion coil spring 44 gives 
rotational force to the first swing arm 41 so that the first swing arm 41 
rotates in the clockwise direction in Fig. 4. 

Here, in a case that the bill A is received in the bill guide part 4, the 
parallel crank mechanism 4P becomes in a closed state. That is, there 
occurs a state that the push-in plate 40 and the fixed link (mentioned later) 
approach with each other. And when force to parallel move the push-in 
plate 40 toward the bill support plate 50 is exerted from the main unit 2, 
the parallel crank mechanism 4P becomes in an opened state. That is, 
there occurs a state that the push-in plate 40 and the fixed link separate 
with each other. And when the force to parallel move the push-in plate 40 
toward the bill support plate 50 is removed, the parallel crank mechanism 
4P returns to the initial state by action of the torsion coil spring 44 which 
acts as a return member, thereby it is returned to a state that the bill A can 
be received in the bill guide part 4. 

In Fig. 4, although the torsion coil spring 44 is put on around the 
first fixed shaft 423, the torsion coil spring 44 may be put on around the 
second fixed shaft 424. And the torsion coil springs 44 may be put on 
around both the first fixed shaft 423 and the second fixed shaft 424. 
Further, two torsion coil springs, which are wound in different directions, 
respectively, may be put on at both sides of the first fixed shaft 423. 

The main object that the torsion coil spring 44 is arranged in the 
parallel crank mechanism 4P is that self-return of the parallel crank 
mechanism 4P can be accomplished. Therefore, for example, an extension 
spring as the self-return member may be arranged between the push-in 
plate 40 and the front plate 15A (see Fig. 3), thereby the parallel crank 
mechanism 4P may be self-returned. As mentioned, the self-return 
member for self-returning the parallel crank mechanism 4P is provided in 
the stacker 1, therefore the stacker 1 and the main unit 2 can be separated 
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with each other without providing a special self-return mechanism in the 
stacker 1. 

And as shown in Fig. 2, when force P vertical to the push-in plate 40 
is exerted to the contact plane 43A of the press force receiving plate 43 
from outside of the stacker 1, the push-in plate 40 is passed between the 
partition walls 4A and 4B. Thereby, the push-in plate 40 is moved to 
toward the bill support plate 50. 

Next, while referring to Fig. 4, operation of the parallel crank 
mechanism 4P will be explained based on Fig. 2. 

In Fig. 2, "Rl" is the first rotational center of the first shaft 421 and 
"R2" is the second rotational center of the second shaft 422. Similarly, 
"R3" is the third rotational center of the first fixed shaft 423 and "R4" is the 
fourth rotational center of the second fixed shaft 424. The parallel crank 
mechanism 4P constructs a quadric chain mechanism based on the first 
rotational center Rl, the second rotational center R2, the third rotational 
center R3 and the fourth rotational center R4. 

In Fig. 2, the first distance (abbreviated as "LI" hereinafter) between 
the first rotational center Rl and the second rotational center R2 equals to 
the second distance (abbreviated as "L2" hereinafter) between the third 
rotational center R3 and the fourth rotational center R4. And, the third 
distance (abbreviated as "L3" hereinafter) between the first rotational 
center Rl and the third rotational center R3 equals to the fourth distance 
(abbreviated as "L4" hereinafter) between the second rotational center R2 
and the fourth rotational center R4. 

Further, the fixed link connecting the third rotational center R3 and 
the fourth rotational center R4 is arranged in the direction parallel with 
the movement direction of the bill A fed out from the bill feed unit 30. 
That is to say, the above mentioned fixed link is arranged parallel with the 
push-in plate 40. Here, in Fig. 2, the fixed link is a hypothetical link 



15 



which is not directly indicated in Figs. Concretely, the side plates 12A and 
12B (see Fig. 4) substantially construct the fixed link of he parallel crank 
mechanism 4P. 

In the parallel crank mechanism 4P with the quadric chain 
mechanism as mentioned, the first rotational center Rl can conduct 
circular motion around the third rotational center R3 which is the fixed 
center and becomes the center of circular motion. And the second 
rotational center R2 can conduct circular motion around the fourth 
rotational center R4 which is the fixed center and becomes the center of 
circular motion. 

In the quadric rotation chain mechanism, concerning with each link 
length, there exist relations that the first distance LI = the second distance 
L2 and the third distance L3 = the fourth distance L4. At this point of 
view, the above quadric rotation chain mechanism becomes the parallel 
crank mechanism which is the lever crank mechanism with specific 
measurements. 

Therefore, when the force P (see Fig. 4) for moving the push-in plate 
40 parallel toward the bill support plate 50 is exerted thereto from the 
main unit 2 side, the push-in plate 40, which becomes the movable link and 
has the first rotational center Rl and the second rotational center R2, can 
be moved to a direction along which the push-in plate 40 draws and 
separates the bill A toward the length direction thereof and can be moved 
toward the bill support plate 50 while retaining the parallel relation 
therebetween. That is to say, every point existing in the push-in plate 40 
conducts circular motion. As mentioned, the parallel crank mechanism 4P 
with simple construction is provided in the stacker 1, therefore the stacker 
1 detachable to the main unit 2 can be miniaturized. 

Next, with reference to Figs. 2 and 5, it will be described a bill 
push-in device of the first embodiment for moving the parallel crank 
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mechanism 4P. Here, Fig. 5 is an exploded perspective view of a bill 
push-in device in the first embodiment. 

In Fig. 2, the bill push-in device 6 is mainly constructed from a 
reciprocating rod 61, a roller 62, a follower cam 63, a first gear 64, a second 
gear 65, a worm gear 66, a worm 67, and a motor 68. And members 
constructing the bill push-in device 6 are arranged in the main unit 2 as 
shown in Fig. 2. 

As shown in Fig. 5, in the bill push-in device 6, the reciprocating rod 
61 has the roller 62 at the top end thereof, to contact with the contact plane 
43A of the press force receiving plate 43. Further, the reciprocating rod 61 
is arranged so as to normally cross the contact plane 43A. That is to say, 
the reciprocating rod 61 is arranged so as to substantially normally cross 
the contact plane 43A and to be able to reciprocatingly move through an 
opening 151 formed in the front wall 15A. The roller 62 rolls and moves, 
thus slide connection to the contact plane 43A can be easily done. 

As mentioned, the reciprocating rod 61 is arranged so as to pull in 
and pull out from the stacker 1 and is also arranged along the same 
direction as the insert and pull direction of the stacker 1 in the bill 
handling apparatus 100. Accordingly, the push-in plate 40 can be moved 
from the bill guide part 4 to the bill piling part 5 without providing the bill 
push-in device 6 in the stacker 1. 

The shaft portion of the reciprocating rod 61 is slidably held by a 
bush 69A with a flange. And the shaft portion of the reciprocating rod 61 
may be held linear motion bearings combined in the bush 69A and may be 
held by oilless metal. The bush 69A with the flange is fixed on a stay 69B 
(see Fig. 2) which is installed in the main unit 2 (see Fig. 2). 

As shown in Fig. 5, a female screw 62A is formed at the rear end of 
the reciprocating rod 61 and the rear end of the reciprocating rod 61 is 
fixed to a plate portion 63A with a shape of L character, the plate portion 
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63A being integrally formed in the follower cam 63, by a fastener such as a 
screw 62A. Further, the follower cam 63 has a guide groove 63B formed in 
a direction normal to the movement direction of the reciprocating rod 61. 

The first gear 64 fixed on a rotational shaft 64B has a crank pin 64A 
positioned outside of the rotational center thereof, and this crank pin 64A is 
movably connected to the guide groove 63B of the follower cam 63. The 
first gear 64 and the follower cam 63 construct a cam device through which 
rotational motion of the first gear 64 is converted to linear motion of the 
reciprocating rod 61. 

The second gear 65 transmits rotational motion thereof to the first 
gear 64. The first gear 64 and the second gear 65 are arranged so that 
both rotational axes become parallel. Here, both the first and second 
gears 64, 65 may be spur gears or helical gears. The rotational axes of the 
first gear 64 and the second gear 65 are supported at their one side ends. 
And the first gear 64 is a small gear and the second gear 65 is a large gear. 
According to such construction, torque needed for the motor 68 can be 
reduced. 

The worm gear 66 is coaxially fixed to a rotational shaft 66A of the 
second gear 65. And the motor 68 has a worm 67 at its rotational shaft 
68A, the worm 67 being meshed with the worm gear 66. Here, the 
rotational shaft 68A of the motor 68 and the rotational shaft 66A of the 
second gear 65 are arranged so as to cross each other as shown in Fig. 5, 
thereby the bill push-in device 6 can be compacted and the space for the bill 
push-in device 6 can be reduced. 

Next, operation of the bill handling apparatus 100 in the 
embodiment will be explained according to Figs. 2 and 6. Here, Fig. 6 is a 
longitudinal sectional view partially showing the bill handling apparatus in 
the first embodiment according to the present invention, the view 
indicating a state changed from a state shown in Fig. 2 
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In Fig. 2, when the bill is received in the bill guide part 4, the motor 
68 is driven based on an instruction from the control unit (not shown). 
And according to that the motor 68 is driven, rotational motion of the motor 
68 is converted in linear motion of the reciprocating rod 61. 

In Fig. 6, the crank pin 64A of the first gear 64 is rotated by 1/2 
rotation (180 degrees) from the state shown in Fig. 2. That is to say, the 
reciprocating rod 61 is moved toward the stacker 1 by a distance 
corresponding to twice of radius of the crank pin 64A, the radius being a 
distance between the rotational center of the first gear 64 and the crank 
pin 64A. And the top end of the reciprocating rod 61 pushes the contact 
plane 43A of the press force receiving plate 43 through the opening 151 
formed in the front wall 15A. 

Further, the first swing arm 41 and the second swing arm 42 are 
rotated with a mutual connection therebetween in the anti clockwise 
direction around the third rotational center R3 and the fourth rotational 
center R4, corresponding to forward movement of the reciprocating rod 61. 
At that time, the push-in plate 40 goes down, thereby the roller 62 rolls on 
the contact plane 43A while pushing the contact plane 43A. 

On the other hand, according to movement of the push-in plate 40, 
horizontal component L and vertical component R operate as shown in Fig. 
6. And as shown in Fig. 3, the push-in plate 40 passes between the 
partition walls 4A and 4B and moves toward the bill support plate 50. At 
that time, based on the vertical component R which occurs when the 
push-in plate 40 rotates and moves, it can be surely fed in the bill piling 
part 5 (see Fig. 3) the bill A, the most rear end of which is partially held by 
a pair of the rubber rollers 3 IE and 32E at the final stage and is slightly 
released. 

Further, the bill fed in the bill guide part 4 through the rubber 
rollers 31 A, 32E is bent in a shape similar to the character "V" or in a 
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shape having a slightly curved arc by the bent portion 40B formed at the 
upper part of the push-in plate 40. Thereby, if the bill A does not fall by 
natural fall in the bill guide part 4, the push-in plate 40 gives a downward 
force (force in the direction of natural fall of the bill) to the bill through the 
bent portion 40B of the push-in plate 40 and moves toward the bill support 
plate 50 while retaining a parallel relation therebetween and contacting 
with the bill. Therefore, the bill can be reformed in a plain state and 
stacked in the bill piling part 5 (see Fig. 3). 

When the motor 68 (see Fig. 2) is driven from a state shown in Fig. 6 
and the crank pin 64A of the first gear 64 rotates by 1/2 rotation (180 
degrees), the reciprocating rod 61 returns to a state shown in Fig. 2. In 
connection with movement of the reciprocating rod 61, the parallel crank 
mechanism 4P returns to a state shown in Fig. 2 based on returning force 
of the torsion coil spring 44. Thereafter, the push-in plate 40 waits to 
receive the next bill. 

Here, as shown in Fig. 2, since the contact plane 43A of the press 
force receiving plate 43 contacts to the front wall 15A, the parallel crank 
mechanism 4P does not move therefrom. And in Fig. 2, since the 
reciprocating rod 61 and the front wall 15A are separated with each other, 
the stacker 1 can be pulled out from the main unit 2. . 

Based on that the above mentioned operation is repeated, the bill A 
fed in the bill piling part 5 as shown in Fig. 3 is stacked in a plain state by 
being pressed between the bill support plate 50 and the partition walls 4A, 
4B. 

Next, changing state of the bill will be described. Fig. 7 is a partial 
view of Fig. 2. In Fig. 7, the bill A finally fed out by the rubber rollers 31E, 
32E is bent in a shape similar to the character "V" in the bill guide part 4, 
as mentioned. And the bill A partially contacts with the push-in plate 40 
and the partition walls 4A, 4B. In this state, the bill A does not fall by its 
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self- weight therefrom. 

Fig. 8 is a partial view of Fig. 2, showing a state that the force P is 
exerted to the push-in plate 40 when the reciprocating rod 61 is moved, so 
that the push-in plate 40 parallel moves toward the bill support plate 50. 

In Fig. 8, the push-in plate 40 contacts to the bill A, thereby the bill 
A is reformed in a plain state from the bent state mentioned above through 
the push-in plate 40 and the partition walls 4A, 4B. Here, during a 
process shifting from the state in Fig. 7 to the state in Fig. 8, the downward 
force (the force for drawing and separating the bill A from the rubber 
rollers 31E and 32E) is given to the bill A by the push-in plate 40. 

Fig. 9 is a partial view of Fig. 2, showing a state that the push-in 
plate 40 holds the bill in cooperation with the bill support plate 50, when 
the reciprocating rod 61 is moved. 

Fig. 10 is the top inner view of the stacker 1 which is retained in a 
state shown in Fig. 9. In Fig. 10, width of the bill passage opening 4C 
formed by the partition walls 4A, 4B is formed slightly narrower than that 
of the bill A. And the width of the bill passage opening 4C is formed 
slightly wider than that of the push-in plate 40. 

Therefore, in the state shown in Fig. 10, the bill A is folded in a 
shape of the character "U" in the width direction thereof. Here, during a 
process shifting from the state in Fig. 8 to the state in Fig. 9, the downward 
force (the force for drawing and separating the bill A from the rubber 
rollers 31E and 32E) is also given to the bill A by the push-in plate 40. 

Fig. 11 is a partial view of Fig. 2, showing a state that the 
reciprocating rod 61 moves to the most left position while retaining the 
state that the push-in plate 40 holds the bill A in cooperation with the bill 
support plate 50. 

In Fig. 11, the push-in plate 40 no longer moves toward the left 
direction. And during a process shifting from the state in Fig. 9 to the 
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state in Fig. 11, the bill A returns in the plain state by the self -re turning 
force thereof from the state folded in a shape of the character "U" as shown 
in Fig. 10. 

Further, when the push-in plate 40 moves (retracts) toward the right 
direction to receive the next bill A, the push-in plate 40 and the bill support 
plate 50 moves (retract) while holding the bill A returning in the plain state 
therebetween. In the process that the push-in plate 40 moves (retracts), 
the bill A is blocked by the partition walls 4A, 4B (see Fig. 10), thereby 
only the push-in plate 40 moves (retracts). And the bill A is retained in 
the plain state by the partition walls 4A, 4B. 

Based on that the above mentioned process is repeated, the bills A 
pushed out by the push-in plate 40 are stacked and accumulated in the bill 
piling part 5 under a pressed state between the bill passage opening 4C 
and the bill support plate 50. 

Next, the bill push-in device 6 utilized for operating the parallel 
crank mechanism 4P will be explained according to the second embodiment 
with reference to Fig. 13. Fig. 13 is an explanatory view of the bill 

push-in device in the second embodiment. Here, in Fig. 13, the parallel 
crank mechanism is omitted. 

In Fig. 13, a bill push-in device 7 has a magnetic solenoid 71 therein. 
The magnetic solenoid 71 exerts the power P to the push-in plate 40 shown 
in Fig. 2, so that the push-in plate 40 parallel moves toward the bill 
support plate 50. 

The magnetic solenoid 71 is constructed from a plunger 72 with both 
ends and a magnetic core 73. The plunger 72 has a roller 74 at the top 
end thereof, the roller 74 contacting to the press force receiving plate 43 
(see Fig. 2). At the other end of the plunger 72, a compression coil spring 
75 is put on. The compression coil spring 75 gives a force to move the 
plunger 72 toward the right direction in Fig. 13. 
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And the plunger 72 is arranged so as to normally cross with the 
contact plane 43A (see Fig. 2) of the press force receiving plate 43. That is 
to say, the plunger 72 is arranged so as to be able to reciprocatingly move 
in the direction substantially normal to the push-in plate 40 (see Fig. 2) 
through the opening 151 formed in the front wall 15A. The roller 74 rolls 
and moves, thus slide connection to the contact plane 43A can be easily 
done. 

In the bill push-in device 7 shown in Fig. 13, when the magnetic 
solenoid 71 is energized, the magnetic core 73 is magnetized, thereby the 
magnetic core 73 attracts the plunger 72 in the left direction. And when 
driving of the magnetic core 73 is ceased, the plunger 72 returns to the 
right direction shown in Fig. 13 based on urging force of the compression 
coil spring 75. 

In the bill push-in device 7 according to the second embodiment, the 
magnetic solenoid 71 is driven and controlled by an instruction from the 
control unit (not shown). As mentioned, based on driving and controlling 
the magnetic solenoid 71, the parallel crank mechanism 4P (see Fig. 2) 
connected to the bill push-in device 7 can be opened and closed. 

The bill push-in device 7 of the second embodiment has a simple 
construction and can directly open and close the parallel crank mechanism 
4P (see Fig. 2). Thereby, the bill push-in device 7 can be simply 
constructed. Further, the plunger 72 is arranged so as to be able to enter 
in and go out from the stacker 1 and is also arranged along the same 
direction as the insert and pull direction of the stacker 1 in the bill 
handling apparatus 100. Accordingly, the push-in plate 40 can be moved 
from the bill guide part 4 to the bill piling part 5 without providing the bill 
push-in device 7 in the stacker 1. 

Next, the bill push-in device 8 utilized for operating the parallel 
crank mechanism 4P will be explained according to the third embodiment 
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with reference to Fig. 14. Fig. 14 is an explanatory view of the bill 

push-in device 8 in the third embodiment. Here, in Fig. 14, the parallel 
crank mechanism is omitted. 

In Fig. 14, a reciprocating rod 81 is arranged so as to be able to 
reciprocatingly move in the direction substantially normal to the push-in 
plate 40 (see Fig. 2) through the opening 151 formed in the front wall 15A. 
The reciprocating rod 81 has a roller 82 at the top end thereof to contact to 
the press force receiving plate 43 (see Fig. 2). 

The rear end of the reciprocating rod 81 is supported in a movable 
base 83. The movable base 83 parallel moves in the direction normal to 
the push-in plate 40 (see Fig. 2). Guide shafts 84 are parallel arranged so 
that the guide shafts 84 are slidably connected to the movable base 83, 
thereby the movable base 83 moves parallel with the push-in plate 40. 

A ball screw 85 is arranged parallel with the guide shafts 84 and 
connected to the movable base 83 in cooperation with screw portion formed 
on the surface of the ball screw and the ball nut (mentioned later) arranged 
in the movable base 83. The first bevel gear 86 is fixed coaxially with the 
ball screw 85. The motor 88 has the second bevel gear 87 on the 
rotational shaft 88A thereof, the second bevel gear 87 meshing with the 
first bevel gear 86. 

In the bill push-in device 8 shown in Fig. 14, when the motor 88 is 
driven, rotation of the second bevel gear 87 is transmitted to the first bevel 
gear 86 and to the ball screw 85 which rotates with the first bevel gear 86. 
Here, the ball nut is arranged in the movable base 83 and such ball nut is 
meshed with the ball screw 85. That is to say, rotational motion of the 
ball screw 85 is converted to linear motion of the movable base 83. 

The guide shafts 84 parallel arranged with each other guide the 
linear motion of the movable base 83. The reciprocating rod 81 is 
arranged in the movable base 83 so as to normally cross with the push-in 
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plate 40 (see Fig. 2) and the roller 82 at the top end of the reciprocating rod 
81 rolls and moves on the contact plane 43A (see Fig. 2), thus slide 
connection to the contact plane 43A can be easily done. 

Further, the reciprocating rod 81 is arranged so as to be able to enter 
in and go out from the stacker 1 and is also arranged along the same 
direction as the insert and pull direction of the stacker 1 in the bill 
handling apparatus 100. Accordingly, the push-in plate 40 can be moved 
from the bill guide part 4 to the bill piling part 5 without providing the bill 
push-in device 8 in the stacker 1. 

Although embodiments utilizing the bill as the paper sheet are 
explained, the present invention is not limited to these embodiments. For 
example, if card type paper sheets are use as the paper sheets, the object of 
the present invention can be realized by components, elements other than 
those indicated in the above embodiments. And although the bill handling 
apparatus of the embodiments is, for example, utilized in the gaming 
machines and the like, such apparatus may be utilized for vending 
machines or various coin changers. 



